Introduction
Making important decisions in today's world requires a regulatory framework, and the use of multiple attribute decision making (MADM) techniques is a good way to develop such framework. With respect to work settings, decision making techniques often help to establish and design new processes, create new variables, and remove conflicts between organizational objectives. Decision making techniques are applied, among others, in civil engineering for the topics related to construction and implementation of new freeways (Brauers et al., 2008a,b) . Because of relatively high costs of highway construction and maintenance, the design phase is of great importance (Yakar & Celik, 2014) . Prioritizing investment plans in transportation infrastructure projects is a matter of common concern in transportation policies at all levels. Hence, it seems necessary to provide a clear decision-making methodology in order to determine the optimal and the best possible route and/or the most adequate transportation techniques (Gühnemann et al., 2012) .
Major problems related to road construction are great interests across many countries. This importance lies in the effective role that optimal road transport systems play in economic development. Finding the feasible and optimal route requires to consider various dimensions such as economic aspects and road characteristics. However, a great number of people deal with the issues relevant to the process of road and freeway construction and maintenance every day, and such an important feature also adds significant contributions to this field. Before initiating construction activities, therefore, it is essential to determine environmental impacts during the design phase, as to fully meet resource requirements of road building (Geneletti, 2005) . Since the choice of optimal variant route is complex and difficult; the use of MADM techniques will help assessing this process in different situations based on different indicators, thereby facilitating the selection. This type of decision making can be very useful, while the analysis of decision alternatives depends on a wide variety of parameters (De Luca et al., 2012; de Silva & Tatam, 1996; Kalamaras et al., 2000) . The application of MADM methods deals with both qualitative and quantitative indices (Haghighat, 2011) .
The purpose of this study is to determine the optimal variant route among a set of several variants for Isfahan -Shiraz freeway. To this end, the four existing variants of the freeway route are selected and analyzed. The proposed routes are located within the Beyza in the Kamfiruz plains (Fars, Iran). As the approved plan from the Ministry of Roads and Urban Development, the primary route has been selected by Pars Consulting Engineers Group. Other three candidates have been proposed by Omran Tadbir Kooshan Consulting Engineers. Novel MADM approaches are used for the assessment and selection of optimal route. In order to develop the evaluation framework for research indices, a variety of studies are reviewed and the preliminary list of indicators are derived. Then, several meetings of expert panel on the road construction and urban development are held and the major indices in terms of frequency and significance informed by the experts are determined as the final indicators. A total of 35 indicators are selected for the choice of optimal variant route. Based on expert opinions and using dynamic fuzzy GRA method, each indicator is weighted and, finally, the optimal variant of the route is determined from the four candidates.
At the following, a review of literature is conducted and the preliminary list of evaluation criteria for optimal route variants is presented. Next, the methodology of dynamic fuzzy GRA is described. When the sample case study is introduced, criteria weighting and the optimal route selection are provided for the route variants. Finally, the main results are concluded, and some recommendations are proposed for future studies.
Literature Review
Given the high costs of construction and maintenance, the design, construction and operational phases of urban and metropolitan roads are of great importance (Yakar & Celik, 2014) . As stated in the literature, the choice of optimal variant route is a really tough decision in the field of road construction. Making sound decisions needs to pay attention to various aspects and effective indicators (Geneletti, 2005) and the application of MADM techniques can meet this demand. Taking into account a variety of problem dimensions and decision-making indices will lead to achievement of the most optimal and the best possible choices. The following provides a discussion on a range of research studies in the area of the best route selection and indicator extraction for evaluations. Guzolek and Koch (1989) assessed real-time route planning to determine the best selection in road networks. The authors used six optimization criteria including; speed limits, distance, time of day traffic conditions, traffic signal and stop sign delays, type of surface, and turning delays at an intersection. Price (1999) proposed an approach for the appraisal of road projects in England. In this regard, five major categories of evaluation criteria were applied, namely; environmental impact, safety, economy, accessibility, and integration, with 15 sub-criteria. Dealing with a cost-based assessment for the impacts of climate change in the polar region, Atkinson et al. (2005) provided an MADM problem with nine categories. Zhang (2005) developed a new framework for road network extraction based on a connection analysis. This study focused on criteria for road conditions that affect the decision making process specific to road networks. Cantarella and Vitetta (2006) presented a multi-objective programming model using the genetic algorithm approach for urban network design. Four major criteria under investigation included travel time, travel congestion, budget for investments, and pollutant emissions. Russo and Vitetta (2006) proposed a topological method for the classification and selection of optimal solutions for an urban road network design problem. The methodology utilized three viewpoints of customer, management and process. Using the MOORA method, Brauers et al. (2008a) addressed decision making models for the choice of the best road design alternative. A predetermined number of six route variants were selected, and the evaluation indicators consisted of longevity, construction price, environmental protection, economic validity, and construction duration. Yavuz et al. (2008) presented an optimum support design selection by using Analytical Hierarchy Process (AHP) (Saaty, 1998) method for the main haulage road in WLC Tuncbilek colliery. The authors applied eight major criteria against which nine alternatives were evaluated. Abdi et al. (2009) utilized a hybrid MADM method with geographic information system (GIS) to design a forest road network with minimum total construction costs. The decision making analysis identified six factors as being relevant to the costs of forest roads. Beljatynskij et al. (2009) examined major criteria required for the objective of highway reconstruction. In this paper, Ukraine was evaluated as the sample case study based on the theory of traffic flows and repay time. Gühnemann et al. (2012) proposed a hybrid approach for MADM and cost-benefit analysis to prioritize Ireland's national road infrastructure programe. Xiaowei (2013) dealt with the highway network planning, using a MADM approach with five categories for evaluation indices. Jato-Espino et al. (2014) investigated the application of MADM techniques in the construction industry. This review used different methods for comparative analyses. Gardziejczyk and Zabicki (2014) studied the influences of scenario and assessment method on the choice of the best possible route variant. The authors identified a total of 11 criteria with significant impacts on the optimal variant selection. Nosal and Solecka (2014) provided an AHP ranking method for finding the best route variant in an urban transportation network. The criteria composed of travel time, journey standard, rolling stock use index, environmentally friendly, level of integration of public urban transport system, reliability of urban public transport system, safety of journeys, profitability of the urban public transport system, availability of the urban public transport system, and investment costs. Using MADM approaches in combination with GIS, Yakar and Celik (2014) proposed a highway alignment determination model. Six main categories of general criteria and 26 indices were used for the assessment. The selection criteria included economic, engineering, traffic, environmental, social and land use criteria. Through a review of studies about the optimal route selection and extracting of evaluation indicators, the basic framework is achieved. Then, the meetings of expert panel on the road construction and urban development are held as to finalize indicators and develop the alternative assessment framework using new MADM techniques. Table 1 shows the criteria against which the alternatives are assessed. The evaluation criteria are classified into 35 basic categories.
Material and methods
This study aims to find the optimal variant route for Isfahan -Shiraz freeway. To this end, the four predetermined variants of the freeway route are selected and analyzed. As stated, the proposed routs are located within the Beyza in the Kamfiruz plains (Fars, Iran Stage 4 includes the application of the six-step dynamic fuzzy GRA method to determine criteria weights, provided in details below. The last step produces final scores for each alternative and, ultimately, the route with the highest ranking score is defined as the optimal variant for Isfahan -Shiraz freeway, using the dynamic intuitionistic fuzzy GRA method with interval numbers. Fig. 1 shows the flowchart of the procedure used in this paper.
Fig. 1. Research Methodology

Dynamic Fuzzy GRA
For this study, criteria values are regarded as linguistic values of the linguistic variables. The linguistic variables can be described as interval-valued triangular fuzzy numbers, which better demonstrate the complexity of real situations. The scale measurement of interval-valued triangular fuzzy numbers is determined based on the uncertainty and ambiguity existing in decision-making problems (Zhang et al., 2011) . A scale of seven-point triangular fuzzy numbers is used here, as seen in Table 2 .
Like MADM problems, suppose a finite set of alternatives (A), , , … , ; a finite set of criteria (C), , , … , ; and a criteria weight vector (w), , , … , are the problem assumptions. The weight vector of the criteria satisfies 0, 1,2, … , ; and ∑ 1. In addition, the performance of the alternative with respect to the criterion is denoted as . Then, reflects a fuzzy decision matrix. As seen in Fig. 1 , represents an interval-valued triangular fuzzy number:
where, can be also expressed as , ; ; , . Below is a brief definition of a dynamic operator.
Definition:
, , indicates the triangular fuzzy numbers in p periods of , 1,2, … , . And, , , … , is the vector of time-weights in the period series , 1,2, … , . Using ∑ 1 and v 0 , the operator can be defined as follows:
This is called the dynamic triangular fuzzy weighted average (DTFWA) operator. Now, the steps taken for a dynamic GRA method based on interval-valued triangular fuzzy assessment is described as follows.
Step 1: Assemble Synthetically Interval-valued Triangular Fuzzy Decision Matrix
The interval-valued triangular fuzzy decision matrix , 1,2, … , , of each period is integrated into a synthetically interval-valued triangular fuzzy decision matrix, based on the DITFWA operator. The product is demonstrated as . And, , ,
2, … , ; 1,2, … , .
Step 2: Calculate Normalized Decision Matrix
According to the definition of , , , , , the normalized performance ranking can be given as:
where, I is the set of benefit criteria, J is the set of cost criteria, max , 1,2, … , , and min , 1,2, … , . Thus, the vector ̃ , ; ; , and also the normalized decision matrix, represented as ̃ , can be calculated.
Step 3: Determine Reference Series According to Kuo et al. (2011) , the reference series can be expressed as below:
, , … , 1,1 ; 1; 1,1 , 1,1 ; 1; 1,1 , … , 1,1 ; 1; 1,1
Step
4: Calculate Distances between Reference Value & Comparison Values
The distance between the reference value and each comparison value is obtained as:
Eq. (5) is used to determine the distance between the reference value and comparison values on the interval , . Therefore, the maximum and minimum values can be calculated as follows, represented as and , and and , respectively:
2, … , , 1,2, … ,
Step 5: Calculate Grey Relational Coefficients
The grey relational coefficient can be obtained as follows (Wang et al., 2013; Wei, 2010) :
Note that is supposed to be 0.5.
Step 6: Estimate Grey Relational Grade
The grey relational grade is given using Eq. (7):
Based on the basic principle of the GRA method, the chosen alternative should have the highest grey relation grade from the reference solution (Wei, 2010) . Also, the weight information can be obtained as follows (Zhang et al., 2011) :
The weight vector of criteria, w, is defined as , , … , . Then, and are expressed using Eq. (7).
Step 7: Rank Alternatives
The priority of the alternative over the alternative is shown by . The likelihood of is measured based on the relation ̅ ̅ . Here, ̅ and ̅ correspond the grey relational grades of the interval numbers for the alternatives and in . According to the concept of likelihood for interval numbers (Li et al., 2009) , the likelihood of for two alternatives of and in is determined as follows:
where ̅ , , ̅ , , ̅ , ̅ Thus, the likelihood matrix can be given using Eq. (10):
where , 1,2, … , holds for the alternatives and in .
Since the matrix P is a fuzzy complementary judgment matrix, the optimal degree of membership for the alternative , 1,2, … , , is defined as below:
Therefore, the sort vector of , , … , for the alternatives can be obtained.
Now, the alternatives all will be ranked in accordance with 1,2, … , . The larger the value of , the better the alternative is.
Case Study
As a case study, the research takes a look at the construction project of Isfahan-Shiraz freeway. This route can shorten the current travel distance between two cities by 113 km. From the long-term perspective, it is hoped that by linking Shiraz-Bushehr freeway (under investigation), this freeway will form part of the country's North-South Transport Corridor, building a freeway network. Isfahan-Shiraz freeway covers 210 kilometers, consisting of 7 segments. It begins at KM 624 + 116 at a distance of approximately 8 km from the city of Izad-Khast, and continues north almost all the way until the north of Shiraz. The freeway passes close to the rural areas of Izad-khast, Khosro Shirin, Chahar Dare, Yasouj (located around 50 km away), Tang-e Boraq, Mollasadra Dam, Margon waterfall, Behesht-e Gomshodeh, and Kamfirroz. It also passes through the fertile land of Kor River, and stretches to the Beyza plain. Finally, the freeway ends at the region known as Tang-e Khiareh in north Shiraz at KM 800 + 325. As noted before, the starting point of the first segment is Izad-Khast, the central district of Abadeh. It spreads across the eastern slopes of Morvarid Mountain to enter the Sheikh Ahamd Plain. Segment 2 is the crossing of this plain over the Khosrow Shirin rural district of Abadeh. Segment 3 runs along the town of Eghlid, stretching to the junction of Yasouj-Eghlid. Within Segment 4, there are the village of Tang-e Boraq and the fertile soil of Kamfiroz, where rice cultivation is widespread. The route enters the village of Ab Mahi. Segment 5 starts at this point, around which Tang-e Bostanak Protected Area is located and the segment approaches the village of Memo. After crossing Memo, Segment 6 runs to Tang-e Khiareh; however, Segment 7 which continues south to Shiraz is under investigation. As the approved plan from the Ministry of Roads and Urban Development, the primary route has been selected by Pars Consulting Engineers Group, which was described in details in previous section. Other three candidates have been proposed by Omran Tadbir Kooshan Consulting Engineers.
Results & Discussion
As stated before, in order to select the optimal route variant, a total of 35 indicators are derived through review of the literature and finalized by a panel of experts. There are four route variants predetermined for Isfahan-Shiraz freeway. As illustrated in Table 2 , these variants are investigated against the specified criteria and all 35 criteria and expert evaluations by means of linguistic variables in Table 2 are represented below. The selected criteria are first derived by a review of the literature and research studies, and then finalized through several meetings of expert panel on the road construction and urban development. The finalized criteria are adopted to select the best possible route variant. 
As the linguistic variables are replaced by interval-valued triangular fuzzy numbers in accordance with the calculation in Table 2 , the resulting decision matrix can be normalized using Eq. (2) and Eq. (3). Eq. (4) is used to determine the reference series which reflect the reference value of each criterion. However, Eq. (5) calculates the distance from the reference values. Table 4 presents the results. Based on the values obtained from Table 3 , the grey relational coefficients can be derived using Eq. (6). The results are provided in Table 5 . Now, the grey rational grade is determined by Eq. (7). The weights of criteria are found by using Eq. (8). Table 6 shows the results. Eq. (9) is used to derive the likelihood matrix, as provided in Eq. (10). Finally, the ranking scores are determined for each alternative according to Eq. (11). Table 7 shows the results for final ranking scores of alternatives. Given the final scores obtained for the alternatives, Route 3 is defined as the best possible alternative.
As seen in Table 6 , Criteria of C7, C34, C15 and C14 are more important than others, which represent the road longevity, views of NGO, route integration, and access to the route, respectively. Based on the decision table (see Table 3 ), the descriptions given for Route 3 as the best possible alternative indicates that it can be distinguished from other candidates in transportation and economic costs; and also, that less capital investment is needed for its development and construction. When constructed, total time spent traveling at this route would be more adequate, and it will be also possible to get the opponents to agree upon the construction of this route variant effectively and easily.
Conclusion
Because of high costs of roads/freeways construction and maintenance, decision making techniques play a great role in the design process of optimal variant routes. Iran with a wide range of intercity roads and freeways requires a framework for making appropriate choices in road and civil engineering construction projects. This paper aimed to develop a route choice model using MADM methods. To this end, the research process covered five main stages, starting with the attribute extraction for freeway variant routes using literature review and expert panel discussions. The process concluded with weighting and determining the most adequate variant route among a set of four alternatives for IsfahanShiraz freeway. As an integration of GRA and interval-valued dynamic intuitionistic fuzzy method, the proposed MADM approach was applied for deriving weights and priorities of alternatives.
